Procrastination is a widespread detrimental human behavior.
Introduction
Humans engage in a wide range of undesirable behaviors (e.g., smoking, unhealthy eating, compulsive gambling). The paradox is that individuals pursue such activities despite being conscious of their negative consequences.
Humans are predictably biased. We behave in predictable non-rational ways when confronting specific types of decisions [1] . For instance, individuals tend to favor short-term gratifications [2] , often postponing the start of a healthy diet or the completion of tedious paperwork. These are acts of procrastination that hamper successful performance, in our personal, academic, or professional life.
We define procrastination as the act of delaying initiation or completion of important tasks to the point of discomfort [3] . Virtually everyone procrastinates, to a greater or lesser extent, in their everyday life [4] .
For example, the United States is the country with the highest number of overweight adults in the world at nearly 70% of the population. Yet, virtually everyone knows that healthier eating habits and regular exercise can improve their condition. Most people struggle to break detrimental habits [5] .
Academic procrastination among college undergraduates reaches alarming rates.
By some accounts, 70-90% of undergraduates procrastinate at school [6, 7] . Procrastination is especially damaging in college, a high-demanding environment where students are held to firm deadlines and evaluations. Furthermore, like many other life's decisions, college is a "low practice" endeavor. Most students get only one chance to make their college experience successful.
Typically, studies on academic procrastination focus on understanding its causes and consequences [8] . However, it is difficult to precisely identify antecedents and outcomes as internal norms regulate the causal relationships of procrastination. The construct is associated with several negative effects, such as low academic performance, low self-efficacy, high levels of anxiety, and depression [8] . Furthermore, procrastination is associated with low intrinsic motivation [6] , which is particularly worrying in the college environment as presumably, students enroll in courses that are preparatory to their future careers.
As research focuses on addressing the antecedents and outcomes of procrastination, little work has focused on designing and implementing effective strategies to decrease this detrimental behavior. We take a proactive stance grounded in the design science research paradigm. Our research objective is to implement a Socio-Technical (ST) artifact [9] that promotes positive self-reinforcing behaviors in order to persuade students in an introductory Information Systems course to reduce their procrastination tendencies. We are not aware of any existing ST artifact designed to proactively reduce academic procrastination at scale. We, therefore, claim an "improvement" knowledge contribution, focused on developing new solutions for known problems [9, p. 345] . Preliminary evaluation of the artifact in a pilot setting shows that procrastination among students is reduced.
Problem Definition
When students postpone the initiation or completion of important academic activities until the proximity of the deadline, they end up with limited time to complete the task. The spacing effect demonstrates how when humans learn over spaced sessions rather than concentrated ones, their mastery of the material improves [10] . However, when students procrastinate, they limit their chances to iterate multiple times over the subject matter, which ultimately leads to low retention, lower learning performance, and lower evaluation marks [8, 10] . Furthermore, procrastination is associated with a number of detrimental psychological effects, such as low self-esteem, anxiety, and depression [8, 11] .
Academic research measures procrastination through self-reports, such as the Procrastination Scale [12] or the Procrastination Assessment Scale [13] . However, the identification of procrastination remains problematic, given its nature as an intra-individual process. For example, what for some is procrastination, for others it is a purposely planned delay. Some researchers differentiate between passive and active procrastinators. Where the former are procrastinators in a traditional sense, the latter can be thought of as "strategic procrastinators" -individuals who deliberately delay their actions to focus on other important tasks. Active procrastinators tend to be in full control of their actions and like to work under pressure [14] . Thus, we focus on procrastination as the intra-individual process of postponing the initiation of an intended course of action to the point where the individual is overwhelmed by their inaction [8] .
Human relationships between peers and between the instructor and the students are critical for high-quality education outcomes [15, 16, 17] . Instead of using grades, effective instructors motivate students by reinforcing the "payoff" of knowledge acquisition while providing personalized and recurrent feedback [18, 19] . This approach reduces strategic learning [18] while increasing students' intrinsic motivation [20] .
Increasing resource constraints in universities put pressure on course delivery by steadily increasing classroom sizes [21] . Sometimes, human contact is completely removed as courses are virtualized into massive open on-line courses (MOOC) [22] or virtual learning environments (VLE) [23] .
Universities should enable young people to achieve their maximum potential through subject matter learning and the development of strong learning habits. Yet, increasingly large classes challenge this mission and result in lower subject matter mastery [24] , particularly for students who are at the top of the grade distribution [25] . Interaction and engagement decrease in large classrooms where students remain anonymous, leading to a lower motivation for both faculty and students [26] and increasing detrimental behaviors, such as procrastination [27] . Under resource constraints, professors struggle to create personal connections with students, understand their strengths and weaknesses, provide personalized feedback or promote positive behaviors.
Resource constraints contribute to detrimental habits, such as procrastination, that produce negative consequences on students' well-being and performance [27] . As the size of the classrooms is unlikely to decrease in the foreseeable future, this class of problems will persist. Thus, there is a need for innovative solutions that can support and promote positive students' behavior "at scale."
Our work focuses on an introductory course in a business school in the USA. The course, titled "Introduction to Management and Information Systems", is required for all first-year business and economics majors. The course covers both theoretical and practical topics.
The former includes the foundations of information technology and information systems in business. The latter focuses on proficiency with Microsoft Office productivity tools (e.g., Microsoft Excel). In a typical year, over 1,500 students enroll in the course, divided into sections of about 200.
While we contextualize the design of the artifact in the context of an introductory information systems course, we aim to inform solutions for a class of problems [28] : the design of a ST artifact [29, 9] that reduces academic procrastination in large college courses, under resource constraints.
Nudging the Classroom
We propose that instructors, in order to overcome the impossibility to meaningfully interact with a large number of students, should leverage information technology to nudge learners into positive and self-reinforcing behavior.
We follow the design science approach to uncover design principles (DP) for an ST artifact [29, 9] that reduces academic procrastination. The problem-solving approach of design science supports our goal of contributing to the scholarly knowledge base by designing, building, and testing a working solution [30] .
We follow the iterative design science research methodology (DSRM) [31] : 1) identify problem and motivate; 2) define objectives of the solution; 3) design and development; 4) demonstration, 5) evaluation, 6) communication. In this paper, we ground the research in an important class of problems, define clear objectives for the solution, and discuss the design and development of the artifact. The design of the ST artifact is guided by meta-requirements (MR) [32] derived from a theoretical framework (i.e., kernel theory) and the analysis of the currently available technologies on the market. We also demonstrate a first implementation of the ST artifact design. We use a formative natural evaluation event [33] to provide preliminary validation for the design. This report of an ongoing project is, therefore, an "empirical contributions that can become [a] building block in a journey towards theoretical contribution." [34, p. 599] 
Objectives of the Solution
Research has investigated the causes for academic procrastination in relationship with personality traits, self-regulation, self-efficacy, and self-esteem [6, 35, 36] . In particular, the association between self-efficacy and procrastination has received great attention as self-efficacy -a person's beliefs in his capabilities to execute behaviors that would achieve a desired outcome [37] -emerged as an important predictor of procrastination [38, 39, 40] . However, "knowing what to do is only part of the story" [37, p. 223] . Motivation is another important factor affecting both self-efficacy and procrastination [41, 42] . For example, students that are intrinsically motivated tend to procrastinate less than students that are extrinsically motivated [42] .
Most research on procrastination focuses on its antecedents and consequences and solutions to overcome it are still rare. One of the few exemptions is Piers Steel's book [43] , where the leading scholar on the subject provides effective strategies to decrease self-destructive habits. However, the strategies provided are not aided by technology and require strongly motivated individuals who recognizing the detrimental effects of procrastination voluntarily intervene to improve their situation.
Theoretical Framework
Nudging is the kernel theory from which we draw meta-requirements and design principles for our ST artifact's design. While our work might generalize beyond education, there are a number of context specific characteristics to consider. First, the learning process is more effective when students are intrinsically motivated to internalize cognitive and skill-based outcomes [44] . Although we can influence motivation through extrinsic rewards, such as a grade, research found that the effects of extrinsic motivation tend to decrease over time and might negatively affect intrinsic motivation [45, 46] . Second, the classroom setting should promote the success of all its participants regardless of their traits, motivation, or previous knowledge. Recent research found that learners in gamified contexts report high levels of self-efficacy and learning outcomes when faced with a lower-skilled competitor [47] . However, although this outcome is beneficial for the higher-skilled individual, the lower-skilled one is subjected to negative self-efficacy impacts. There should not be winners and losers in the classroom. Fourth, there exist privacy concerns about the achievement results among students. In the educational context, privacy concerns are not only related to students' feelings but also to laws regulating educational records disclosure [48] . Fifth, the length of the learning process requires recurrent interactions with the subject material. Furthermore, these interactions are spread over a significant time period (e.g., 4-5 months in the college context). Conversely, extrinsic rewards are optimal when the user interacts infrequently with the system over a short period of time [49] . Lastly, students adopt multiple strategies in their learning process [50] . Introducing incentives to modify their behavior (e.g., completion badges) can induce actions that might not be aligned with students preferred learning style. For example, rewards (e.g., extra points) can be assigned for the completion of activities rather than for mastering the material. In extreme cases, when the learning is embedded in stimulating game environments through gamification, students might pay more attention to the game itself than to the learning [51] .
We argue that the design of a ST artifact to reduce academic procrastination should maintain or increase freedom of choice. However, humans do not always make the right choices when they are not experienced with the available options, do not have enough information, or are required to process numerous options [52] . In the context of college, all three of these conditions typically hold.
College students need to adapt to a context where the learning process requires more self-discipline, and where their initial network of close relationships is quite limited or non-existent. Furthermore, for many students, going to college constitute their first experience living away from home.
Students often evaluate their choices with limited information. For instance, when students are not aware of the "payoff" of the learning activities they can easily lose interest in the course [27] . More simply, often students are unaware of the required deadlines or commitments.
The many activities that students undertake, or can potentially undertake, during the academic semester can become overwhelming. As humans have limited attention [1], we are not necessarily aware of all the activities we can or should engage in at a specific moment to maximize our long-term well-being. As the number of possible activities increase (e.g., go out with friends, go to the gym, do homework), the probability that students will undertake beneficial behavior decreases.
We therefore adopt a libertarian paternalism approach that embraces the concept of digital nudging. Libertarian paternalism, a term coined by Nobel Prize winner Richard Thaler, is the notion that a designer "attempts to influence the choices of affected parties in a way that will make choosers better off" [53, p. 4] . Under libertarian paternalism individuals still enjoy freedom of choice, but are nudged toward choices that are more beneficial. In this context, a nudge is "any aspect of the choice architecture that alters peoples behavior in a predictable way without forbidding any options or significantly changing their economic incentives." [52, p. 6] The choice architecture is the context in which people make decisions. Although nudges have been studied primarily in off-line contexts, the use of digital nudges can affect both digital and real-world behavior [54] . Five principles guide the design of nudges: incentives, understanding mappings, defaults, giving feedback, expecting error, structure complex choices [55] .
Incentives -Nudges focus on improving the salience of the incentives already present. In fact, even when strong economics incentives are in place (e.g., peak hour energy surcharges) humans might ignore them. Nudges, by making the incentives more salient, increase their effectiveness. Understanding mapping -Where humans lack experience, they tend to have difficulties in understanding the relationship between their choices and their resulting welfare. Improving the understanding of the mapping between individual choices and results can improve the chances of making good decisions. Defaults -Choice architectures are never "neutral" as the context is always influenced by choices and non choices (e.g., randomly display of products) of the designers. Nudging proponents argue that designers should promote by default positive and beneficial behavior. Feedback -Providing feedback to individuals when they perform or under-perform has been shown to improve performance. For instance, frequent positive verbal feedback tends to foster students' intrinsic motivation [19] . Expecting error -Humans are naturally inclined to make mistakes. A well-designed system should account for and expect users to err. Structure complex choices -When choices depend on numerous and complex available options, humans adopt simplifying strategies and heuristics to cope with the ensuing overload. A good system should structure the attributes of all the alternatives in a meaningful manner to facilitate trade-off analysis and simplify the decision process.
Designing the ST Artifact
We conceptualize our solution as the design of a socio-technical (ST) artifact [29] where social and technical design features play equally important roles. Following the principles of nudging we advance meta-requirements and design principles for the ST artifact design.
Traditionally, in a classroom environment students are not subjected to classic economic incentives 1 . Instructors have only one main extrinsic motivator at their disposal: grades. Moderate levels of extrinsic motivation, through grades, can produce positive effects when coupled with high levels of intrinsic motivation [44] . However, grades are ineffective and encourage procrastination when they do not reflect student achievement, such as when grade inflation is observed [27, 44] . Furthermore, students tend to easily lose interest in the course when the required learning activities are not perceived as relevant to their future careers [27] , such as when incentives are provided for activities that do not necessarily improve learning. Therefore, as prescribed by nudging principles [52] , the ST artifact should not introduce incentives that distort students' behavior. Instead, the artifact should promote positive behavior independently, just as successful instructors do [18] .
MR1: The ST artifact for procrastination reduction must not conflate behavior with learning.
• DP1.1: Student activities and behaviors (e.g., attendance) have no bearing on the students learning assessment (i.e., the grade).
• DP1.2: Assignments and homework are a service to students and have no bearing on the students learning assessment.
• DP1.3: Learning assessment is measured, independently of student behavior, through dedicated ad-hoc evaluations (i.e., exams).
Students often feel guilty and believe that they should have worked harder in their classes [27] . However, even though students are at least partially 1 Performance-based scholarship presents an exception.
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aware of the fact that procrastination is detrimental, they still engage in it. Thus, a ST artifact that reduces academic procrastination must intervene proactively to nudge students into appropriate actions. Specifically, the ST artifact should provide a choice architecture that encourages students into positive and self-reinforcing activities by default.
The mediation of computers in everyday activities [56] enables the use of IT as a medium of persuasion [54] . Moreover, the use of technology is essential to design interventions under resource constraints, because designers can capitalize on the scalability afforded by software. One of the most noteworthy cases of digital nudge at scale is the health features of the Apple Watch, which gently reminds users to perform behaviors leading to a healthier lifestyle.
Digital nudges can assume many forms. For instance, displaying healthy options first in online food ordering menu is a subtle nudge. Notifications reminding you to go to the gym are more direct prompts. Many successful digital nudges, as in the Apple Watch example, adopt triggers. Triggers are calls to actions that prompt a specific behavior [57] . The notifications that we receive on our phone, such as real-time traffic alerts, are triggers. Previous research demonstrates that triggers in the form of email reminders can reduce procrastination of learners [58] . The literature distinguishes three different types of triggers: sparks, facilitators, and signals [57] . Spark triggers are best to motivate behavior (e.g., persuade citizens to evacuate a city threatened by an approaching hurricane). Facilitator triggers enable a behavior by reducing barriers to action (e.g., a one-click flight check-in). Signal triggers are more appropriate as reminders or to indicate a behavior (e.g., reminder to take medications).
MR2: The ST artifact for procrastination reduction proactively triggers appropriate behaviors.
• DP2.1: Adopt signal triggers to remind students of deadlines and commitments (e.g., assignment deadlines).
• DP2.2: Adopt spark triggers to alert at-risk students and urge them to action.
• DP2.3: Adopt facilitator triggers to reduce obstacles to performing appropriate behaviors (e.g., prompting a question of the day through a conversational interface).
In line with nudging principles, positive behavior encouraged through default triggers should only impose a minimal cost on students. The simplicity and timing of triggers are critical factors mediating their success [57] .
Trigger effectiveness increases with their immediacy and timing fit to the target behavior [57] . Conversely, prompting an action when recipients are unable to act causes detrimental frustration [57, 59] . Personalization can significantly influence the efficacy of systems as it improves personal relevance, motivation, engagement and self-efficacy [60, 61, 62] . Therefore, the ST artifact should encourage sustained use by providing some degree of personalization.
MR3: The ST artifact for procrastination reduction encourages sustained use by managing triggering risks.
• DP3.1: Signal triggers are contextually aware (e.g., reminders are targeted).
• DP3.2: Students can customize the acceptable triggering window (e.g., time of day) or suspend triggers.
• DP3.3: Students can manage the type of triggers they receive (e.g., Requesting a "question of the day").
Artifact Implementation
Our team implemented and pilot tested a first iteration of the ST artifact during the 2018 spring semester. As a first implementation, the objective was to test the viability of the approach (implementation feasibility and user acceptance). Thus, we implemented a subset of the design principles, leaving full implementation to future iterations.
Triggers can assume many forms: a gentle vibration on your wrist, an announcement over the radio, a text message on your phone. From the analysis of the available technologies and the viability of the different options, we concluded that text messages are most appropriate in our context because they are amenable to personalization and push communications through the use of smartphones. In the context of a large classroom, where we need to send a significant number of personalized messages, triggering automation is necessary. A messaging bot (i.e., a chatbot) is a software program that can automatically interact with other programs, or with users, via short text -or voice-based messages. Chatbots are popular with college-age individuals [63] .
The chatbot we developed leverages the open source Botkit Software Developer Kit (SDK) based on Node.js.
After an analysis of the available messaging platforms, we selected Slack. Slack is a communication platform that provides APIs to simplify the development of messaging bots, such as notifications, and interactive/rich messaging (e.g.,
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buttons, pictures or files). It is superior to competing platforms (e.g., FB Messenger or Kik) because it does not require personal information (e.g., phone number) upon sign up. To improve the interactivity of the bot we implemented Natural Language Processing (NLP) capabilities through the Wit.ai service. Natural language features, leveraging artificial intelligence techniques, allow users to message the chatbot as they would with human beings. The bot is hosted in an AWS instance running Linux OS and the code on GitHub. Hosting the application on a cloud service frees us from maintaining the server and managing security while enabling computing scalability.
In the first iteration, we implemented a limited number of functionalities with the primary goal of demonstrating the feasibility of the bot messaging system and acceptance by the intended audience of users.
During this phase we implemented natural language conversational capabilities to enable students to 1) inquire about approaching deadlines and commitments; 2) engage with the course content. Students can inquire about schedules regarding class and labs. Furthermore, the chatbot informs students about the day and time of their next practice or exam. For instance, upon messaging the chatbot with a phrase such as "When is the next practice exam?", it will respond "The Excel exam is scheduled for Thursday, May 3". All deadlines and commitments are stored in the JSON format for compatibility with the development platform (Figure 1) .
Students can engage with the material by requesting the chatbot to provide a test question. Questions have either a multiple choice or true-false form, and are also stored as JSON files (Figure 1 ). Questions are randomly selected each time from a large test bank containing of the topics discussed in class (e.g., hardware, software). Answers are also randomized at each request. Random selection at each iteration discourages students from gaming the bot by guessing repeatedly the same question until they get the correct answer (MR1). This is a behavior we had observed with a commercial off-the-shelf system that points students to the specific sentence in the course material that contains the answer to the question when they answer incorrectly. During preliminary research (observations and interviews with students), we noted that students used the testing system to study -rather than as the evaluation and feedback system it was intended to be.
Our engagement bot uses a facilitator trigger to enable students to test their knowledge of the material (MR2). Importantly, however, we designed the bot to focus only on evaluation, not to attempt to overtake the role of the professor in explaining the course concepts. Thus, the chatbot is programmed to provide immediate feedback about the students answer [64] . But feedback is narrowly conceptualized as "information provided by an agent regarding aspects of one's performance or understanding." [64, p.81 ] Therefore, to maximize the outcomes of feedback, such as increased intrinsic motivation and self-efficacy [65, 20, 19] , when students provide the wrong answer we only inform them that they have not mastered the concept, without disclosing which is the correct answer. We theorize that this approach encourages students to engage more fully with the material and reduces the chances of strategic learning behaviors [18] .
Slack, the application managing the users' interaction with the bot, enables users to customize the notification window and the type of messages for which they want to receive a notification (MR3) (e.g., all messages, only direct messages). For instance, users can set custom "do not disturb" windows such that Slack will not send any notifications during the specified time periods.
Evaluation
The ST artifact focuses on "developing new solutions to know problems" [9, p.345] . Therefore, the evaluation of the ST artifact should be based on its ability to outperform current solutions that addressed our class of problems. As a first step in the evaluation process, we focus on demonstrating the feasibility of our approach [30] .
Following the Framework for Evaluation in Design
Page 4410 Science (FEDS), we adopt a human risk and effectiveness strategy [33] . This strategy prioritizes multiple formative evaluations early in the design process, to progress rapidly to naturalistic formative evaluations. It is best suited to situations where the ST artifact presents major social risks to its effective implementation, such as the many individual level confounding factors for an initiative seeking to reduce procrastination (e.g., different motivation and prior knowledge levels). It is also optimal when the goal of the research is to establish the utility of the ST artifact in real situations. A first step in our analysis is to establish the technical and organizational feasibility of the artifact to provide "proof-by-demonstration" [66, p.98] by showing that the ST artifact can be built, implemented, and used by the intended audience.
After an initial formative artificial evaluation of the technical components (e.g., the chatbot), we introduced the ST artifact in a classroom of 34 students. From the beginning of the semester it was evident that students naturally tended to procrastinate. The completion rate for homework was on average 26.23% during the semester. In keeping with DP1.1 and DP1.2 homework was offered as a service to students, it was not a requirement. However, an analysis of the accesses logs to the online course materials showed evidence of "cramming." Cramming is "a period of neglect of study followed by a concentrated burst of studying immediately before an exam." [67, p.105] In figure  3 , the vertical axis represent the number of page-clicks for the material subject to evaluation. The horizontal axis is a daily time scale spanning the whole semester. The color of the bars represents different topics (i.e., separate book chapters). The black horizontal lines represent the days in which students could schedule examinations at the testing center. The patters show that, on average, students accessed the material during a two-day window prior to the exam. Although worrying, these results were expected based on the literature on college procrastination [27] .
Two weeks before the last exam we released the messaging bot. The bot was introduced to students during class via a demo where the instructor explained the available functionalities. Our goal with the pilot study is to assess students' propensity to interact with the bot and to evaluate early consequences of the implementation. Students' propensity to engage with the bot is indicative of how practical it is to implement an additional communication channel (i.e., Slack) in addition to existing ones (e.g., email).
Out of 34 students, 27 completed the course. All of them registered into Slack (100%). Of the 22 students that took the last test, the one where the bot could be used, 15 interacted at least one time with it. The chatbot was overall well received by those students who used it. From preliminary interviews performed after the final exam students stated "I wish you would have implemented it sooner," while another "I used it over and over to practice for the exam, and when I didn't get the answer right I went back to study the material." However, motivation seemed to play a crucial role in the propensity to use the chatbot as a considerable number of students (33%) did not interact with it.
A preliminary analysis of performance suggests that the chatbot was instrumental in helping those students who used it perform better in the exam. Although performance in the exam was not a focus of our study, procrastination research indicates that procrastination has moderate, but significant, relationship with classroom learning and grades (r -0.17) [8] . Our results are consistent with these findings. The performance results of the exam show that students who interacted at least once with the chatbot outscored those who did not use it by 13.30%, on average. Motivation and conscientiousness likely account for a large portion of the variance in these results. But results are also consistent with the hypothesis of positive chatbot impact. Moreover, in the last exam, students who used the bot performed, on average, 23.38% better than their own previous average score over the five earlier exams. While the improvement may be due to increased effort during the latter part of the semester, students who did not interact with the bot recorded a lower change (15.33%). Finally, in the last exam, seven students obtained a perfect score. In the previous five exams, we recorded only six total instances of perfect score across all students and exams.
We do not claim any rigorous conclusions from the pilot results.
However, these findings are encouraging. We do demonstrate that the artifact can be built, implemented and, based on the first formative naturalistic evaluation, that the chatbot successfully engages some students with the course material.
Conclusion
In this paper, we focus our attention on the wicked design problem of reducing academic procrastination. Grounded in the principles of digital nudging, and following the design science research approach, we advance three meta-requirements and nine design principles for an ST artifact that can address this class of problems in the context of large college courses. At this stage, we show "proof-by-demonstration" of the ST artifact by showing that it can be built, implemented and that it is adopted by the intended audience, albeit with varying degrees of interest. Preliminary results of the implementation suggest that the chatbot is effective in engaging some students with the course material and may contribute to students learning and performance.
In keeping with the iterative nature of design science research these preliminary results should be used to refine the design principles and to inform future implementations of the artifact.
The next phase in our work is a summative natural evaluation event during the fall semester.
The objective is to rigorously corroborate preliminary results using formal interviews and procrastination proxies (e.g., homework completion, spaced access to the materials, performance). We design the next evaluation as a three week long longitudinal field experiment involving 920 students and hope that our early work can stimulate future work in this important area of research and related domains.
